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   Using the variable volume method, the P-V-T relations of ammonia in the 
neighborhood of critical point have been measured within an error of 0,296 in 
regard to [he compressibility factor Z Seven P-V isotherms were obtained in 
the range o[ 131.03 to 133.96'C, 109.33 to 117.05 atm and 53.42 to 110.22 cc/mol 
around the critical point. 
   The critical values of ammonia were determined from the isotherms as T~ 
=132.3'C, P,; =111.7 a[m and V~ =72.05 cc/mol.
IntroducTion
   Vor the experimental study of the P-V-T relation of polar fluid, the author had already measured 
the P-I'-T relation of ammonia in gaseous and liquid states at several temperatures from 25 Co 125°C 
and at pressures up to SOOatm and reported in the previous paper[>. The experimental results for the 
P-V-T relation of ammonia were also reported in several papers by [he other investigators, but [here 
has been none in the neighborhood f its critical point. Therefore, the measurements of the P-RT 
relation of ammonia were undertaken at several temperatures and in the pressure range from 108 to 
117 atm around the critical temperature and pressure. In addition, the critical values of ammonia were 
determined bythe use of these xperimental P-V-T results.
Experimental
   The method and apparatus were the same as those in the measurement of the P-V-T relation of 
liquid ammonia based on the vaziable volume type described indetaihl in the previous paper. It was 
used for the sample ammonia that was prepared in the same mamer as that in the previous work[} 
and that was believed to be above 99.9% pure. The errors for every measurement variables were 
0.01% for pressure P (110*0.0tatm), 0.1% for volume v (150.01 to 35±0.015cc), O.OI~b for tem-
perature T (4000.05 K) and 0.05% for mole n (0.30.00015 mol) respectively, similar to those in 
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the previous workrl. Then it is believed that the compressibility factors of ammonia, Z=PvIvrRT, 
were obtained within an error of 0.2% in maximum, estimating from the above errors for P, v, T and 
n.
Results on P-V-i measurement
   The specific volumes of ammonia, V, were measured in [he range from 53 [0 110cc/mol a[ each 
corresponding pressure and at seven constant emperatures in the range of 131.05 to 133.96°C. The 
results are presented in Table 1 and represented graphically in Fig. 1. It is shown in Fig. 1 that each 
smoothed isotherm is in excellent agreement with each experimental point. Each experimental pressure 
at each horiwntal part of the isotherm from 131.05 to 132.25°C, that is, the saturated vapoc pressure, 



















Fig. ] Isotherms of ammonia is [he neigh• 
boyhood of critical point
         50 60 70 80 90 100 IIO 
                      1', cros/mol 
   The broken line in Fig. t is the line obtained to connect [he points of the specific volume of 
saturated vapor with those of saturated liquid on the isotherms. The point represented as ~¢ is the 
critical point of ammonia determined in the following section.
Determination ai trifital values
that
There aze several kinds of methods for the measurement of the critical values of any substances, 
is, the critical temperature T~, the critical pressure P~ and the critical specific volume V~ or the
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Table 1 ExperimentaLP-V-T values of 
  in the peigLborboodof critical
ammonia 
point
T (°C) I/V (mol/!) P (atm) V(m/moq z
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critical density 1/V~. Among [be methods, there is one using the P-F-T relations in the neighborhood 
of the critical point. 
   Since thecritical point tan be defined as [he position at which (dP/dl')T=0 and (d'P/d4")7•=0 
at T=T,., the determination of the critical values of ammonia was tried by the use of the above de• 
finition and the experimental P-V-T ealues in this work, as follows. 
   For T,., the minimum values of (dP/dV)T at each isotherm, (dP/d[')T, m;n, were estimated graphi-
callpand they were plotted against T as shown in Fig. 2. The T~ value was obtained as 132.33~O.Oi°C 
extrapolating the line in Fig. 2 to (dP/di')T, m;,,=0. As shown in Fig. 3, the P,; value was also obtained 
as 111.65--r 0.03atm in a similar manner as above for T~. Nevertheless, the V~ vslue could not be ob-
tained so clearly by the use of the extrapolation f (dPldV)T,m;,, to 0 in the graph of (dP/dI')7•,m;~ 
vs, V, in a similar manner as above for T~ and P~, [hat i[ lay in the range of about 70 to 75 cc/mol.
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P, atm 
rt. pressure curve
   On the other band, there had been presented the method to determine the value of {'~ very 
accurately by the use of the law of rectilinear diameters proposed by Cailletet and Mathias. This law 
claims that the arithmetical mean of the saturated liquid density 1/I'~ and the saturated vapor density 
1/Vs both at the same temperature, (1/2)[(1/Vi)f(1/V6)]z, decrease linearly to the critical point with 
the increase of temperature. It is only empirical but it has been confirmed since olden times that the 
law is applicable to many substances. According to this law, the value of 1/P~ can be easily de[er-
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mined as the value of 1 /Vat the point of intersection of two curves, that is, one is the straight line of 
(1/2)[(I /I'~)t(1 /Ve)] and the other is the curve connecting 1 JVi and 1/VK lines smoothly, in [he graph 
of 1/V vs. T. IIsing this method and the experimental values of density given in Table 2, the critical 
value was 5nally determined as 1 /P~=13.gS-x0.03 mol/1=0.2364=0.0005 g/cc or V~=12.OSt0.OS.cc/ 
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Txhle 2 Experimental values of saturated vapor pressurq saturated vapor density 




































+. These are the experimental values io precious workrt. 
+~ These are the extrapolated values of the experimental densities of gaseous 
  ammmia in previous workrl [o the saturated vapor pressures.
  To 
follows.
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Fig. 6 [Q/Pi )-(t/Yg)]r, r vs. pressure curve
P, atm
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   Since i[ is expected that the limit values of 1//%i and 1/Va to [he critical point are [o be equal, 
the experimental [(1/Vt)-(I/Va)]z, P values were plotted against T or P in graph and the curve was 
extrapolated through t e experimental points to zero. Then the value of T or P at [(1/ 1't)-(I JVg)]T, p 
=0 was obtained as 132.33-C or111.64 atm respectively which cortesponded very nearly to the value 
of T~ or P~ mentioned above. These figures are shown in Fig. 5 and 6. 
   Finally, for the most probable critical values of ammonia, they were determined as T'<=132.3'C, 
P~=111.7atm, V~=72.Oscc/mot or t/V~=0.23G.g/cc and [he Critical compressibility factor Z~=P~V~/ 
RTE=0.2420, respectively in this work. 































































E. Cardoso of al. 





K. Kahe of af.
(2.3)
                s (1) Disappearance of the meniscus 
                  (2) Law of rectilinear diameters
                   (3) Pressure-volume-temperature relations; (dP/d Y)r, ~~nn-0 
   Robe et al.z> had presented the most probable critical values for many substances based on the 
experimental values by various workers and methods. The critical values of ammonia measured by 
other investigators and recommended by Robe et al: are presented in Table 3 together with the values 
determined in this work for comparison.
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